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1. INTRODUCTION 
The members of order primates are our extended family. In tiie 
family album of the animal kingdom, primates are our evolutionary 
cousins. The primary differentiation between the two, the Prosimians 
(Lower Primates) and Anthropoidea (Higher Primates) is derived jfrom the 
special-sense organization. 
Among the higher primates, three main groups can be distinguished: 
the New World monkeys, the Old World monkeys and the apes. These 
differ markedly in a number of key anatomical characteristics, including 
the detailed structure of the skull and teeth. In addition, the New World 
monkeys are confined to South and Central America whereas the old 
World monkeys and apes are distributed widely throughout Asia and 
Africa. Unlike the lower primates which are nocturnal, the higher primates 
are exclusively diurnal. 
Ape is the member of a group of animals that most closely 
resembles with human beings. Largely based on their size, the apes are 
divided into two groups: Lesser apes (gibbons) and Great apes (the 
chimpanzee, gorilla and orangutan). 
The ape consists of just a handful of species that differ from the 
monkeys in lacking in external tail, in their larger size and greater 
intelligence. The lesser apes or gibbons are relatively small by ape 
standards (about 5 kg in weight) and live in monogamous pairs in large 
defended territories. On tiie other hand, the great apes are a much less 
homogenous group. They are the largest of all living primates (with body 
weight varying from 30-50 kg in the chimpanzee to 130 kg in the gorilla). 
Their social systems vary from the semi-solitary like the orangutan to the 
multi-male communities of the chimpanzees and to the small but cohesive 
one-male group of the gorilla. 
AH the apes have hairy, tailless bodies, longer arms than legs and 
long fingers and toes. They also have large size brains and are ranked as 
the most intelligent animals next to human beings. 
Many people confuse apes with monkeys, but these two groups of 
animals differ in many ways. Most monkeys have tails whereas apes lack 
tail. Intelligently monkeys seem less advance than apes. Apes and human 
beings have evolved from common ancestor, but monkeys are not from the 
same branch of the evolutionary tree. 
As man's most immediate relatives, non human primates, especially 
the higher species such as monkeys and apes, share a common biological 
heritage. Because of this heritage, they depend on similar mechanism for 
acquiring stimuli from their environment and react to stimuli same as a 
man does. Possessing stereoscopic colour vision, higher primates rely on 
the sense of smell at about the same low level as man. In contrast to most 
other mammals, the higher primates use their hands to manipulate objects 
to a great deal. 
Among the higher primates, the chimpanzee (Pan troglodytes) is our 
closest living relative. Their genetic make up is 98.5% identical to ours. 
We know that humans share with chimpanzees and gorillas (Gorilla 
gorilla) a common ancestor that walked the Earth 8 million years ago. But 
at around 7 million years ago, the gorilla line branched off, and 2 million 
years after that humans and chimpanzees diverged into two distinct species 
(da Silva, 2001). The human genetic code is even closer to chimpanzees 
with just a few hundred genes distinguished one from the other. In this 
sense, chimpanzees represent a source that is priceless, and that could 
deliver untold benefits to humanity. So they deserve more attention as 
targets of conservation. 
Of the 308 primate species, around one in five is endangered. 
Researchers believe that another 25 species of non-human primates, 
including all the great apes, are placed in the high-risk categories of 
critically-endangered, endangered and vulnerable. 
Initially I began the present study with the intention of documenting 
the behaviour in response to physiology of apes in captivity, but, despite 
all efforts and due to lack of other great apes in captivity in Indian zoos, 
I could not continue my study on the physiology of all apes in general. 
Alternatively, chimpanzee. Pan troglodytes, was selected as a preferred 
model for this study, since a good number of Indian zoos have captive 
chimpanzees. 
Besides, chimpanzee being a very docile ape as compared to 
orangutan and gorillas which are quite aggressive, it provided to be a very 
good subject whose behavior I could record. They were also very 
cooperative while taking the blood samples for their hormonal analysis vis-
a-vis studying their reproductive physiology. Secondly, since 
chimpanzee's physiology is very similar to that of human beings, a 
detailed study of this species, both in wild and captivity, is of extraordinary 
interest. 
Numerous physiological functions are under hormonal control, often 
this is referred to as chemical control. The term hormone can best be 
defined as a substance that is released from a well-defined organ or 
structure and has a specific effect on some other structure or fiinction. The 
introduction of powerful new techniques has totally changed the approach 
to research in endocrinology. The method of radioimmunoassay is now 
widely used for the detection and assay of the extremely low 
concentrations of hormones that are found in the circulating blood. 
The physiological function that are under mainly endocrine control 
can conveniently be divided into five broad areas or categories, namely, 
digestion and related metabolic functions, osmo-regulation, excretion, 
growth and morphological changes and reproductive organs and 
reproduction. 
There is a constant interaction between the endocrine organs and the 
central nervous system. Hormones have profound effect on the function of 
the central nervous system, for example; a female dog in heat accepts the 
mating behaviour of a male dog, although at other times the same signals 
from the male might leave her indifferent. The fact that same signal can 
lead to completely different behaviours depends on hormonal effects. The 
reproductive glands and the endocrine activities associated with them are 
concerned with a broad range of functions, and the coordination of all of 
them is necessary for successful reproduction of the species. 
A number of environmental variables also influence the behaviour 
and reproductive success of apes in nature. So one may well consider the 
influence of captive environments in the same way. However, there are 
different physiological and behavioural responsiveness in captivity. 
Different species vary in their hormonal profiles such as latency, degrees 
and duration of steroid output associated with 'stress' to different 
condition of housing, quantity and quality of food and of space. 
There is a great deal to be done in this aspect and long term study 
and research is required. 
Captive primates may demonstrate complex behaviour not normally 
observed in nature. Gorillas and orangutans may be stimulated to solve 
various tests of cognitive ability, which otherwise is not found in the wild. 
Though the human primate continue to increase in numbers, on 
account of their habitat loss the fate of slow breeding species such as the 
great apes become correspondingly more bleak. The chimpanzees, being 
phylogenetically closer to man in many aspects (like 98.5 % of similarity 
in DNA, similar blood groups, and hormonal profile) need more attention 
of the field biologists as well as endocrinologists to facilitate conducive 
environment for breeding. 
Chimpanzee - Pan troglodytes (Blumenbach, 1775) 
lUCN Status Category- Endangered on the lUCN Red List of Threatened 
species. (lUCN and Conservation International, Feb. 2004) - More than 
any other species, chimpanzees resemble humans - genetically, 
behaviouraly and physically - and therefore, provide an important link to 
our evolutionary history. Yet their numbers have plummeted and the 
species faces imminent extinction. Chimpanzee behaviour resembles that 
of humans in many ways. They have long term bond between family 
members, the young ones depends upon their mother for long periods. The 
chimpanzee shows gestures such as embracing, kissing, patting one 
another on the back, swaggering, and shaking their fists. They have 
intellectual abilities, which include making and using primitive tools. Like 
humans, chimpanzees show expression of emotions such as happiness, 
sadness, anger, fear or despair (Goodall, 1971). 
Habitat- Chimpanzees live in a wide variety of habitats, from humid 
evergreen forests through to mosaic woodlands and deciduous forest to dry 
savanna woodlands (Woodward, 1988). 
Geographical Distribution- The Chimpanzee has a wide but 
discontinuous distribution in Equatorial Africa between 13°N and 7*^ 8. The 
western subspecies, P.t. verus, once occurred from southern Senegal 
eastwards as far as the Niger River in Central Nigeria. The largest 
population now remains in Cote d'lvoire, with smaller populations in 
Guinea, Sierra Leone, and Liberia (Map-l.lA). It is the most threatened 
subspecies of Chimpanzee. 
The central subspecies, P.t. troglodytes, occur from Nigeria to the 
south to the Zaire River (Map-l.lA). The majority of the known 
population is found in Gabon with substantial populations presumed to 
exist in Cameroon and Congo. 
The eastern subspecies, P. t. schweinfurthi, is found from Zaire 
rivers in western Zaire, eastwards to the southern end of Lake Tanganyika 
in Tanzania, and extend from there northwards to Burundi, Rwanda, 
Uganda and southern Sudan (Map-l.lA). All three subspecies of 
Chimpanzee now occupy greatly reduced ranges. 
Current Population- Estimates of Chimpanzees number in each country 
of occurrence are highly variable. Lee et. al. (1988) stated that numbers at 
known localities were less than 20,000 and coupling this with numbers 
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estimated in potential areas of habitat produced a maximum figure of 
roughly 200,000 for the species as a whole. Similarly the Committee for 
Conservation and Care of Chimpanzees (CCCC) and International non-
governmental organization estimated the total Pan troglodytes population 
in Africa between 145,000 to 228,000 in 1989. At the beginning of the 
20"^  century there were between one and two million chimpanzees living in 
25 African countries. Even in 1960 when Dr. Jane Goodall began her 
famous research in Tanzania, there were thought to be at least a million. 
Today only some 150,000 are thought to remain (lUCN's SSC, 2004). 
Chimpanzees are now extinct in five of the 25 countries they once 
inhabited (Gambia, Guinea-Bissau, Burkina Faso, Togo and Benin). 
Numbers in four countries (Ghana, Nigeria, Burundi and Rwanda) are so 
depleted that extermination is expected soon, and another five (Senegal, 
Mali, Angola, Equatorial Guinea and Sudan) contain such small, dispersed 
remnants that the populations are severely at risk. The largest populations 
of chimpanzees today live in central Africa, mainly Gabon, Zaire and 
Cameroon, although a recent survey suggests that Cote d'lvoire also 
contains substantial numbers (lUCN's, SSC, 2004). 
Size- Head and body length 63.5 to 94.0 cm. Height when erect 
100 to 170 cm. 
Weight- Males 34 to 70 kg. Females 26 to 50 kg. 
Average Life Expectancy- Maximum lifespan in the wild may be 50 years 
(Nowak, 1991). 
Food- Chimpanzee eats a wide range of foods, concentrating on fruits, 
flowers and seeds and young leaves. In wild chimpanzees are reported 
hunting and feeding on small mammals like bushpigs and baboons 
(Goodall, 1986). 
Current Threats- The dramatic reduction in numbers of chimpanzee 
populations is due to habitat destruction (as human population grow and 
move into new areas) trapping, disease (chimpanzees are susceptible to 
many human infectious diseases like ebola virus outbreak) and most 
recently the bushmeat trade for which the adults are hunted. Chimpanzees 
like other great apes are slow breeders which makes it difficult for their 
populations to "bounce back" if and when threats are removed (lUCN, 
2004). 
Conservation Projects - A survey of the Cote d'lvoire was completed in 
December 1990. Research on various aspects of chimpanzee ecology and 
social organization is under way in Uganda, Burundi, Zaire, Cote d'lvoire 
and Mali. Both Gombe National Park and Mahale National Park in western 
Tanzania have long term Chimpanzee research projects which has lasted 
over 30 years. Chimpanzees occur in many protected areas throughout 
their range, but populations are often small and may not be viable in the 
long term. The species is protected by law throughout its range and is 
listed in Class A of the African Convention (1969). The CCCC is 
producing a detailed country-by country Action Plan to identify 
conservation goals that include surveys and census, studies of habitat 
quality, protected area management, park and sanctuary establishment and 
rural awareness education for chimpanzee's conservation. 
1.1 Review of Literature 
Chimpanzee is among the most studied mammal species in the 
world in all aspects. Literature available on the studies on the reproductive 
physiology is also quite exhaustive, therefore, only some relevant 
references are given here. 
It is well established that the great apes are most akin to the humans 
than any other primate species. Therefore, studies can be made on great 
apes to illustrate the areas in which they can best serve as endocrine 
substitutes for humans. 
It is further evident from the fact that since the 1980s, researchers at 
Yerkes Primate Research Center have focused on experiments in the areas 
of hormonal influence on reproductive systems development and functions. 
Rosenblatt and Siegel (1981) studied the late pregnancy urinary 
Pregnanediol-3- glucuronide (PdG) profiles for chimpanzees. They have 
demonstrated a steady rise in this hormone until parturition. Furthermore, 
in humans the concentration of progesterone in maternal peripheral plasma 
increases during pregnancy until birth and this increase is paralleled by a 
rise in urinary pregnanediol-3-glucuronide. Gould et. al. (1982) have 
shown that urinary steroids can be used to monitor menstrual cycle as well 
as early pregnancy in chimpanzee. In 1985, Nadler et al, used the hormone 
chorionic gonadotropin (CG) to detect pregnancy in Chimpanzees. 
Nadler and co-workers (1999) have commented that chimpanzee's 
sexual behaviour may be better than human studies for determining sexual 
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effects of oral contraceptives because the chimpanzees bear a close 
biological relationship to the humans. Heistermann et al. (1996) reported 
in their study on urinary hormones, in a much smaller sample size, that 
Estrogens were a good indicator for ovarian cyclicity in bonobos or pygmy 
chimpanzees. 
Numerous studies have been conducted to explore the reproductive 
physiology of great apes .The menstrual cycle in chimpanzee consists of 
five phases depending on the secretion of different levels of hormones such 
as testosterone, estradiol, progesterone and lutenizing hormone. Qiu et al 
(1998) reported that pituitary Follicle Stimulating hormone (FSH) was 
required for the normal development of ovarian follicle even though 
changes in urinary FSH levels have not been reported in chimpanzees. The 
reproductive hormonal level affects the behaviour of the females 
chimpanzees (Salas, 1999). 
In humans, the length of gestation and the onset of parturition have 
been linked to the exponential production of placental Corticotropin-
Releasing Hormone (CRH) and a late gestational decline in maternal 
plasma CRH-binding protein (CRH-BP). In vitro placental CRH 
production is stimulated by Cortisol and inhibited by progesterone. Smith 
et al (1999) determined whether this mechanism might operate in other 
apes. They sampled eight chimpanzees and two gorillas through their 
pregnancies for CRH, CRH-BP, Cortisol, estradiol, and progesterone. Their 
study showed that both chimpanzee and gorilla maternal plasma CRH 
concentrations rise exponentially as observed in the human. Pregnancy-
associated changes in Cortisol, estradiol, progesterone were qualitatively 
similar to those observed in humans. 
In another 15 month study carried out in four US zoos (San Diego 
Zoo, Wild Animal Park, Milwaukee, Columbus and Cincinnati) on 17 
female bonobos as subjects of study urinary and faecal hormones were 
analysed on average every other day. Ovarian cycle activity was also 
monitored throughout the study period using estrogen and progesterone 
profiles and swelling charts. Behavioural data on sexual activity were also 
collected on a daily basis. They analysed faecal and urinary samples using 
high pressure liquid chromatography (HPLC). The results of this work 
indicated that in chimpanzee's urine both conjugated progestins and 
estrogen metabolities were abundant (Hagey, Jurke and Czekala, 2000). 
MuUer et al (2001) made two long term studies on endocrine aspects 
of aggression and dominance in chimpanzees. They studied the 
relationship between stress, aggression and steroid secretion in wild 
chimpanzees. Data was collected on hormonal aspects and they combined 
the samples assayed from urine. These studies allowed to describe the 
temporal patterns of hormone secretion and to examine the effects of social 
and energetic factors on hormone productions. Perhaps, this represented 
the first data set on chimpanzees endocrine functions in the wild and the 
largest such data for any free-ranging primate. 
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Thompson (2003) compared reproductive endocrinology of three 
wild populations of chimpanzees in Kibale National Park (Uganda), 
Budongo Forest Reserve (Uganda) and the Gombe National Park 
(Tanzania). Perhaps this was the first major study of ovarian steroids on 
wild female chimpanzees. The primary objectives of this study were to 
examine variations in the ovarian function between populations and their 
life cycle. During the study period more than 2000 faecal and urine 
samples were collected non-invasively from more than 70 wild adolescent 
and adult females. In each site, ovarian function was related to female age 
and reproductive status including patterns of sexual swelling. Because of 
concordance of assay methods the data collected from wild chimpanzees 
were then compared to the existing data on captive chimpanzees endocrine 
profiles to examine the effects of captive diets on ovarian functions. 
Thompson (2003) also examined the relationships of varying degrees of 
ovarian functions to conceptive success and male mating interest. 
Shimizu and other researchers (2003) did a comparative study to 
determine the urinary reproductive hormones in three great ape females, 
namely, the orangutan, gorilla, chimpanzee and bonobo, by enzyme 
immunoassay (EI A) during the normal menstrual cycle phase. 
Furthermore, the data were compared to those levels in the human and 
long-tailed macaque. The results showed a typical pre-ovulatory estrone 
E(1)C surge and post-ovulatory increase in pregnanediol-3-glucomide 
(PdG) conjugates in all the three species. The patterns of FSH in 
13 
orangutan, chimpanzee, bonobo and long-tailed macaque showed a marked 
mid-cycle rise and an early follicular phase rise, which was similar to that 
found in humans. Thus, their study showed that there is considerable 
species variation in the excretion of the above hormones in urine during 
the menstrual cycle. These findings would provide the basis for monitoring 
of ovarian events in the female great apes. 
1.2 Objectives of the Study 
During my M.Sc. dissertation study in Delhi Zoo I came to know 
that the chimpanzee pair in the zoo was having some breeding problem, 
and even though the male and female were of reproductive age but they 
were not reproducing. I therefore, thought to investigate the reasons for the 
same. Since their apparent behavioural traits looked normal, this study was 
undertaken with the aim to find out whether the hormonal disorder could 
be the possible cause for their breeding failure. 
Therefore, to investigate the nature and cause of this problem following 
two objectives were taken into consideration: 
1. Measurement of gonadal hormones, testosterone, estradiol, 
progesterone and lutenizing hormones in the blood serum of the 
male and female chimpanzee, and, 
2. Ascertain the implications of these hormones on the sexual 
behaviour of the two apes. 
As the example of the two chimps, Rustam and Ruby, demonstrate, 
monitoring serum hormones can be of great value for animal management 
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in the zoos. So far no such study has been done in Indian zoos. Therefore, 
it is hoped that this chimpanzee pair will become the founder pair for 
captive breeding programme of chimpanzees in Indian zoos. 
1.3 Study Area 
The present study is based on the chimpanzee pair in the National 
Zoological Park (NZP), also known as Delhi Zoo. 
The new chimpanzee enclosure has an area of 400 sq metres. A wide 
moat filled with water surrounds the enclosure. The chimpanzees thus live 
about 20 metres away from visitors so as to deter them from trying to feed 
the animals. This area used to be part of a large woodland, and there are 
still a number of trees, shrubs and bushes left as such in the enclosure. The 
enclosure also consists a hillocks to give the feel of natural surroundings in 
an island. This space might give them a psychological advantage as they 
may feel as if they are in a small jungle. This in turn, may help the animals 
to lead a healthy life and facilitate subsequent breeding opportunities. By 
keeping the pair in such an enclosure feeding, touching and provoking the 
apes by visitors have been reduced virtually to minimum. 
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2. MATERIALS AND METHOD 
2.1 Species Description 
Of all the four Great Apes, chimpanzee, gorilla, orangutan and 
bonobos in the family Pongidae, three are native of Africa and the 
orangutan is found in the rain forests of South East Asia. 
The common chimpanzee, of genus Pan, is the most widespread, 
occupying forests and grasslands near wooded areas throughout west and 
central Africa and as far east as Tanzania. The Pygmy chimpanzee or 
bonobo, is limited to the forests of Zaire in Central Africa (Map-1.1 A). 
Chimpanzees have black hair and pinkish to black bare skin on the 
face (except for hair on the chin) ears, palms and soles of feet. Infants have 
very pale skin in these areas and a white tail tuft, which disappears by early 
adulthood. Their arms are longer than their legs enabling them to reach out 
to fruits growing on thin branches that would not support their weight. 
They can climb trees and brachiate (Swing from branch to branch with 
their arms).When travelling, they usually walk on the ground and are 
known as knuckle- walkers (i.e. they place soles of feet and the backs of 
the joint of fingers on the ground). 
Chimpanzees can also walk upright in bipedal position when 
carrying something in their hands or when looking over tall grass. 
Chimpanzees have opposable thumbs (although they are much shorter than 
human thumbs). They also have opposable big toes and are capable of a 
precise grip. A closer look reveals that, Pygmy chimpanzee or Bonobos, 
have relatively smaller skulls, long thinner legs, shorter arms, centrally 
parted head hair and a more slender body and a narrow face (Shea and 
Groves 1987., de Waal 1988, Kano 1992). A gregarious animal, the pygmy 
chimpanzee lives in a family group and several families may gather in a 
good feeding area, otherwise its habits are much the same as those of the 
common chimpanzee. 
The female of bonobo bears one young after a gestation period of 
227-232 days which stays with her up to three years - this species, too, is 
diminishing in numbers (Wrangham and de Waal, 1994). 
The sexual life of chimpanzees is well known, since they have often 
bred in captivity (Burton, 1987). Sexual maturity is more difficult to define 
in male chimpanzees than females. Goodall (1965) reports that the male 
reaches sexual maturity at 9-10 years but do not show fiiU development of 
secondary sexual characteristics and probably do not contribute 
significantly to reproductive activities for another 3-4 years. In captivity, 
males reach sexual maturity 1-3 years earlier (Smith et. al. 1975). Female 
chimpanzees continue to reproduce until they die, probably, at the age of 
40-45 years, but the frequency of sexual cycles declines in captive females 
over the age of 35 years. Chimpanzees mating behavior is individualistic 
(Van-Lawick & Goodall, 1973). They have the briefest possible 
intercourse - normally the male remains mounted for only 10-15 seconds 
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(Goodall, 1968). The female sexual cycle lasts about 35 days, terminating 
with a 2 to 4 day menstrual flow. When a female chimpanzee comes into 
heat or estrus, the sex skin of her genital area becomes swollen and pink. 
The sexual swelling usually persists for about 10 days before becoming 
flabby and wrinkled and then shrinks away. 
Marked genital swelling occurs for eighteen of the thirty-five days in 
the middle of the cycle and the sexual activity is maximum at this time 
(Tutin, 1980). While male common chimpanzees are generally dominant 
over female adults chimpanzees, there is said to be reversed in dominance 
when the female is at the height of her sexual swelling (Mason, 1970). 
Mating occurs principally during the period of maximum 
tumenscence. The highest (70-90%) of all matings occur especially during 
the early part of estrus period. Ovulation occurs within one day of 
detumenscence (Graham, 1981). Increasing tumescence and reddening of 
the perineal region and subsequent detumescence are directly associated 
with hormonal events Aidara et al (1981) which allows monitoring of a 
females endocrine status. As in other species maximum tumenscence 
corresponds with the occurrence of ovulation. In captivity, female 
chimpanzees give birth three to four years earlier than in the wild (Tutin, 
1980). 
The subjects of this study was a pair of a male and female 
chimpanzee. 
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2.2 The two chimpanzees personalities of the zoo 
Chimpanzees have outspoken personalities. Their faces are full of 
character and we can distinguish them from one another just as easily as 
we can distinguish people. Also their voices sound different. The two male 
and female chimpanzees at the zoo are affectionately named as Rustum 
and Ruby by the zoo staff, and they respond to it very well. 
Male - Rustum 
Rustum has a playful, almost mischievous character. He is slightly 
built and his eyes have a sensitive, intelligent expression. He radiates 
youthful vigor. Rustum is proud and aware of his strength. Whenever he 
gives an intimidation display, it is always a beautiful sight, fiill of rhythm 
and vigor. He looks all puffed up because his hair is on end, when he is 
hooting, the upper part of his body is swaying from side to side and he 
sometimes has a stone or stick in his hand. In this way he makes himself 
look large and impressive. He is extremely bright and most strongest ape.. 
This is characterized by his spectacular leaps and somersaults. He has 
rapidly grown too strong and his canines have come through. The teeth of 
a full-grown male chimpanzee are as dangerous as those of a panther! He 
was received as gift from Tama Zoo, Japan on 28.4.1989. He was 5 yrs 
and 1 month old at the time of arrival. At present he is 21 years old 
(plate-a). 
19 
Female - Ruby 
Ruby is an adult female with an exceptionally heavy build and she 
walks and stand in a burly manner. People who see her from the front are 
often surprised afterwards to discover from her back view that she is a 
female. She sports a pink genital swelling every month, year in and year 
out (just as in humans, in chimpanzees the menstrual cycle is disturbed 
during pregnancy and the nursing period). 
Ruby has large, clear amber-colored eyes and a firm character. 
Towards the visitors, ruby has an even, almost dull temperament and looks 
at the strangers with a perfect poker face (plate-b). 
She was received as gift from UENO Zoological Gardens, Japan on 
2.12.1988. She was 3 yrs and 10 months at the time of arrival. At present 
she is 20 years old. 
The weight of the two chimps varied from 80 and 74 kg 
respectively. General body conditions like alertness, bodycoat, gait, 
posture and physical status of the animals were assessed and recorded. In 
appearance as well as accordingly to the Veterinarian Doctor of the zoo, 
the chimpanzees were quite healthy. 
2.3 Methodology 
Since it was a single pair, studies on this pair were undertaken 
without exposing chimps to ear-notches, ear-tags, tatoos, clippings or 
collars etc for individual identification. 
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Hiiiin! Ill 
Plate-a The playful, mischievious male chimpanzee - Rustam 
Plate-b The shy, large, amber-coloured eye female chimpanzee - Ruby 
Since both these subjects have also been the focus of my M.Sc 
dissertation work at least for two months viz. 4"" January to 28"" February, 
2002, the animals were familiar and well-known to me and easily 
identifiable. 
Focal Animal Sampling 
Observations of reproductive behaviour of the two chimpanzees 
were done using 'Focal Animal Sampling method (Altman, 1974). Both 
the male and female chimpanzees were observed alternately for 10 
minutes, recording the behavior as completely as possible. Such 
observations were continued as long as animals were in sight. A total of 
204 hours (usually between 10.30 a.m. till 16.00 p.m.) were spent for 
collecting data on behavioral responses. 
Collection and Analysis of Behavioral Data 
The chimpanzees were observed for their behaviour for an extended 
period of time to have an idea of the type of activities they engage in, as, 
captive chimpanzees have somewhat of a different repertoire than wild 
chimpanzees. 
All behaviours occurring within this time period of a focal animal 
were recorded in the Ethogram. 
Total No. of observations for one activity 
Relative Frequency = —• x 100 
Total No. of observations for all activities 
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Frequency of a particular behavioural activity in relation to time 
intervals was calculated as following: 
Total No. of observations 
Frequency = x 100 
Total No. of observations in three time intervals 
Observations were carried out in three shifts (morning, noon and 
afternoon) during a day, normally beginning at 0010 until 1600 hours, 
when the animals retired in their cage. The behavioral observations were 
recorded on data sheets. During the nights no observations could be taken 
regarding their mating. Nocturnal copulation has been witnessed in the 
chimpanzee and the bonobo in the wild - although there have not been 
enough vigils to know whether this is a regular or rare phenomena 
(Singh, 2001). 
Tranquilizing Procedure and Collection of Blood Samples 
Data on reproductive endocrinology for the female chimpanzee was 
grouped into two conditions based on the gonadal hormone levels; 
CYCLING and NON-CYCLING PHASES, at an interval of 3 months in a 
year. 
During the Cycling Phase, the female was in estrus or heat and 
showed sex skin or pink swelling, and during the non-cycling phase, the 
pink swelling was shrinked and flabby leading to the stage of 
detuemscence. 
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2.4 Tranquilizing Procedure 
We chemically restrained the two chimpanzees as part of a captive 
breeding programme protocol designed to facilitate hormonal assay for the 
study. The tranquilizing drugs used were Ketamine and Xylazine, which 
are dissociative anesthetics that induces sedation by depressing the central 
nervous system. For drug administration tele-inject gun was used (plate-c). 
The tranquilizing drugs were administered intramuscularly with dart. 
During the tranquilizing procedure by the injection of Xylazine and 
Ketamine we monitored the four anesthesia intervals namely, Induction 
Time, Down Time, Alert Time and Recovery Time. Induction time is the 
time from injection until an animal no longer responds to stimuli. Down 
time is the time from loss of responsiveness to stimuli. Alert time is the 
time from injection until an animal regains responsiveness to stimuli. 
Recovery time is the time from injection until an animal regains mobility 
and coordination. Anesthesia intervals were obtained by direct observation 
of immobilized chimpanzees. 
The tranquilizing was done as part of two separate phases conducted 
in the months of March and June on the two chimpanzees. The help of Zoo 
veterinarian was taken for collecting the blood samples. Three samples 
were collected one from male chimpanzee and two from female 
chimpanzee - one in estrus and one when it was not on heat. 
Since Xylazine and Ketamine were in liquid form, they were mixed 
easily and the preparation was called as Hellabrum Mixture. 
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Plate-c Tele-inject gun was used to administer the tranquilizers 
to the chimpanzees by the zoo Veteriniary Doctor 
Ketamine (Ketalar, Ketanest) 
Formula: 2-(0-Chtorophenyl)-2-(methylamino) cyclohexanone 
hydrochloride. Ketamine is a white, crystalline powder, soluble in water up 
to 20 percent or more; it has a pH of 3.5 to 5.5. It is marketed in a 10 or 50 
mg/ml solution for veterinary use. It is a cyclohexanone derivative and is 
an anesthetic and agent. A characteristic of ketamine is that it induces a 
conditions of anaesthesia that occurs approximate!}" 45 to 60 seconds after 
intravenous and 3 to 4 minutes after intra-muscular injection. The state of 
dissociative anasthesia may be recognized by the conscious state of the 
animal and maintenance of reflexes, but loss of normal reactions and there 
is absence of aggression. 
Ketamine has been used successfiiUy on a large number of Zoo 
animals including species of boar, emu, leopards, lions, monkeys and pigs 
(Langrehr and Muller, 1967). 
It is recommended that the dose for large cats is limited to 7 to 8 
mg/kg. Other animals are given higher intramuscular dosages at a rate of 
10to20mg/kg. 
Xylazine Hydrochloride (Rompun) 
Formula: 2-(2, 6-xylidino)-5, 6-dihydro-4H-l, 3-thiazine hydrochloride. 
Xylazine hydrochloride is the form of colorless crystals and is 
readily soluble in water and in methanol. It is marketed as a 2 percent 
solution containing 23.32 mg corresponding to 20 mg of the base. This 
compound is a strong sedative in small doses and induces a state of 
anaesthesia. The effect is rapid following intramuscular administration. 
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The reaction on intramuscular injection starts in 1 to 15 minutes 
with peak effects at 15 to 60 min and lasts for several hours. Xylazine 
induces sedation and anaesthesia. This is followed by muscle relaxation. 
Respiration becomes quieter due to sedative effect and body temperature 
tends to increase during the first hour after which it returns to the initial 
value. For wild animals the 10 percent solution is used and the doses are 
higher than for domestic stock. Xylazine has a wide safety margin. A dose 
of 8 mg/kg is usually regarded as the maximum. 
First Phase 
During the first phase of the procedure we took blood sample of the 
male and female chimpanzee. At this time the female was in non-cycling 
or non-estrus phase. The chemical compounds for tranquilizing were 
carried in a kit (plate-d) in rubber-capped bottles. Precautions were taken 
to prevent contamination of the solutions. The top of the bottle was 
swabbed and clean needle were used to puncture the rubber diaphragm that 
covers the mouth of the bottle. 
During the tranquilizing effect by these compounds, the chimps 
retained many of their normal reactions but they were incapable of 
walking, were unconscious and relapsed into sleep. They were generally 
unaggressive. 
The aim of the injection by projectile syringe was intramuscular 
administration of the syringe contents into the vascular tissues, from which 
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Plate-d The Tranquilizing Kit 
rapid absorption of the drug could take place. The dart was aimed at the 
hindquarters because this part of the body was resilient and the syringe was 
less likely to burst or deform at short range. There is little tissue here, 
mostly that of the internal abdominal muscle. 
In the r ' dose 200 mg of Xylazine and 300 mg of Ketamine were 
mixed and were then injected into the male chimpanzee. Next 200 mg of 
Xylazine and 400 mg of Ketamine mixture was administered into the 
female chimpanzee. To induce the effects needed for animal capture, a 
second does was given to both the animals roughly after 10 minutes of the 
I^ ' dose. In the male the tranquilizer induced the state of behavioural 
change, loss of aggression and a degree of loss of sensation after the 
second dosage, but the female did not show complete sedation even after 
second dose. Again after half an hour observation, 100 mg of Xylazine and 
200 mg of Ketamine was administered into the male chimpanzee and for 
the female we used 200 mg of Xylazine and 300 mg Ketamine. Even after 
given the second dose of drugs the male was not completely sedated. The 
senses of sight, smell and to lesser extent hearing were dulled. The animal 
seemed unaware of its surroundings but when touched to take the sample, 
it started reacting. So a third dose was given in 1:2 ratio. After this, it was 
completely tranquilized and blood sample was taken. On the other hand, to 
completely sedate the female another dose of lOOmg of Xylazine and 150 
mg of Ketamine was injected. The female then showed complete 
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recumbency. The induction time was 20 minutes. After the blood samples 
were collected the antidote, Antagosin was administered to the male by 
hand into the neck and recovery took place within 25 minutes. Complete 
recovery was gained only after another 15 minutes. In case of the female 
chimpanzee Antagosin caused complete recovery after 30 minutes. 
Second Phase 
During the tranquilization in the second phase of the study, the 
female chimpanzee was in estrus stage. 
The first dose of 600 mg of Xylazine and 400 mg of Ketamine 
mixed and diluted to Hellabrum mixture was administered. After 9 minutes 
we observed recumbency but she did not show complete state of 
anesthesia. Therefore, another dose was required. So after 15 minutes, 
second dose in the ratio of 1:2 was injected. After 5 minutes complete 
sedation was recorded. Blood sample was taken and after 10 minutes, the 
antidote, Antagosin acepramacin was injected in the neck by hand. After 2 
minutes of its administration the female started showing first symptoms of 
recovery and took almost one hour for complete recovery. 
2.5 Blood Samples Collection 
Immediately after the animals were completely sedated, the hair was 
shaved (plate-e). A small blood sample of 15-20 ml was collected from 
the femoral vein for blood chemistry, haemoto logical studies and hormonal 
analysis (plate-f). 
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Plate-e The hair of wrist was shaved to collect the blood (arrow) 
Plate-f Blood being collected (arrow) from the femoral vein of the 
female chimpanzee 
The blood samples were collected into test tubes and were then 
placed on ice for transport to the laboratory. Subsequently, the serum was 
separated and stored at -lO^C or lower until the assay of steroid and 
lutenizing hormones was formed by radioimmunoassay method. 
2.6 Hormone Analysis - Radioimmunoassay (RIA) 
Most hormones are present in the blood in extremely low 
concentrations as low as 1 pg/ml. It has been almost impossible to measure 
these concentrations by the usual clinical procedures. Hence, we employed 
radioimmunassay method to quantify the reproductive hormones, 
Testosterone, Progesterone, Estradiol and Lutenizing hormone in the blood 
serum of chimpanzees. In absence of standardized chimpanzee hormonal 
profile, human FSH, Progesterone and Estrogen were used as the standard. 
TESTOSTERONE:- The Herichson Testosterone Elisa kit was used for the 
quantitative determination of Testosterone in the blood serum. 
Principle of the Test 
The Herichson Testosterone EIA was based on the principle of 
competitive binding between Testosterone in the test specimen and 
Testosterone-HRP conjugate for a constant amount of rabbit anti-
Testosterone. In the incubation, goat anti-rabbit IgG-coated wells were 
incubated with 10|xl Testosterone standards, controls, chimpanzee sample, 
100^ ,1 Testosterone-HRP conjugate reagent and 50 )il rabbit anti-
Testosterone reagent at 37"C for 90 minutes. During the incubation, a fixed 
amount of HRP-labeled Testosterone competed with the endogenous 
28 
Testosterone in the standard, sample, or quality control serum for a fixed 
number of binding sites of the specific Testosterone antibody. Thus, the 
amount of Testosterone peroxidase conjugate immunologically bound to 
the well progressively decreased as the concentration of Testosterone in 
the specimen increased. 
Unbound Testosterone peroxidase conjugate was then removed and 
the wells were washed .Next, a solution of TMB Reagent was then added 
and incubated at room temperature for 20 minutes, resulting in the 
development of blue colour. The colour development was stopped by 
adding IN HCl, and the absorbance was measured spectrophotometrically 
at 450nm. The intensity of the colour formed was proportional to the 
amount of enzyme present and was inversely related to the amount of 
unlabeled Testosterone in the sample. A standard curve was obtained by 
plotting the concentration of the standard versus the absorbance. The 
Testosterone concentration of the samples and controls ran concurrently 
with the standards. 
Expected Normal Values of Testosterone in humans 
Males prepubertal (late) 0.1-0.2 ng/ml 
Adult 3.0-10.0 ng/ml 
Females prepubertal (late) 0.1-0.2 ng/ml 
follicular phase 0.2-0.8 ng/ml 
Luteal phase 0.2-0.8 ng/ml 
post menopausal 0.08-0.35 ng/ml 
Source: Herichson Diagnostics, Texas, USA. 
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Sensitivity: The lowest detectable level of Testesterone in this test was 
0.05 ng/ml. 
Specificity: The following materials have been checked for cross reactivity. 
The percentage indicates cross reactivity at 50% displacement compared to 
Testosterone. 
Steroid 
Testosterone 
Dihydrotestosterone 
Androstenedione 
Androsterone 
17pEstradiol 
Progesterone 
Epitestosterone 
Estriol 
Cortisol 
Cross-Reactivity 
100% 
0.86% 
0.89% 
1.0% 
0.05% 
<0.05% 
<0.05% 
<0.05% 
<0.05% 
Source: Herichson Diagnostics, Texas, USA. 
ESTRADIOL: Estradiol (E2) was measured using a Herichson Estradiol 
ELISA Kit. Principle of the Test 
The E2 EIA was based on the principle of competitive binding 
between E2 in the test specimen sample and E2-HRP conjugate for a 
constant amount of rabbit anti-Estradiol. In the incubation, goat anti-rabbit 
IgG-coated wells were incubated with 25[xl E2 standards, controls, samples 
100 \x\ Estradiol-HRP Conjugate Reagent and 50|LI1 rabbit anti-Estradiol at 
room temperature (18-25°C) for 90 minutes. During the incubation, a fixed 
amount of HRP-labeled E2 competes with the endogenous E2 in the 
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standard, sample, or quality control serum for a fixed number of binding 
sites of the specific E2 antibody. Thus, the amount of E2 peroxidase 
conjugate immunologically bound to the well progressively decreased as 
the concentration of E2 in the specimen increased. 
Unbound E2 peroxidase conjugate was then removed and the wells 
washed. Next, the solution of TMB Reagent was added and inclubated at 
room temperature for 20 minutes, resulting in the development of blue 
colour. The colour development was stopped with the addition of IN HCl. 
The absorbance was measured spectrophotometrically at 450 nm. The 
intensity of colour formed was proportional to the amount of enzyme 
present and was inversely related to the amount of unlabeled E2 in the 
sample. A standard curve was obtained by plotting the concentration of the 
standard versus the absorbance. The Estradiol concentration of the 
specimens and controls run concurrently was then calculated from the 
standard curve. 
Expected Values and Sensitivity 
Males <60 pg/ml 
Females postmenopausal phase <18 pg/ml 
ovulating, early 30-100 pg/ml 
follicular 
late follicular 100-400 pg/ml 
Luteal phase 60-150 pg/ml 
pregnant, normal up to 35,000 pg/ml 
Source: Herichson Diagnostics, Texas, USA. 
Sensitivity: The lowest detectable level of Estradiol was Ipg/ml. 
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Specificity: The following materials have been checked for cross-
reactivity. The percentage indicated cross reactivity at 50% displacement 
compared to Estradiol. 
Steroid Cross-Reactivity 
Estradiol 100% 
Estron 2.10% 
Estriol 1.50% 
17a Estradiol 0.30% 
Cortisol <0.01% 
Cortisone <0.01% 
Progesterone <0.01% 
Testosterone <0.01% 
Source: Herichson Diagnostics, Texas, USA. 
PROGESTERONE: Direct solid phase enzymeimmunoassay for the 
quantitative determination of Progesterone in human serum or plasma 
Principle of the Test: 
The DRG Progesterone ELISA KIT is based on the competition 
principle and the microplate separation. An unknown amount of 
Progesterone present in the sample and a fixed amount of Progesterone 
conjugated with horse-radish peroxidase compete for the binding sites of a 
polyclonal Progesterone antiserum coated onto the wells. After one hour 
incubation the microtiter plate is washed to stop the competition reaction. 
Having added the substrate solution the concentration of Progesterone is 
inversely proportional to the optical density measured 
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Expected Normal Values 
Normal Women 
Follicular phase 
Luteal phase 
Menopause 
Normal men 
Conversion factor 
0.2-1.4ng/ml 
4-25 ng/ml 
0.1-1 ng/ml 
lng/ml=3.18nmol/L 
Source: Herichson Diagnostics, Texas, USA. 
Sensitivity 
The lowest detectable level of Progesterone that can be 
distinguished from the Zero Standard is 0.05 ng/ml at the 95% confidence 
limit. 
Specificity 
The following materials have been checked for cross reactivity. The 
percentage indicate cross reactivity at 50% displacement compared to 
gesterone. 
Steroid % Cross Reaction 
Progesterone 100 
17a OH Progesterone 0.3 
Estriol <0.1 
Estradiol 17p <0.1 
Testosterone <0.1 
11-Desoxycorticosterone 1.1 
DHEA-S <0.02 
Cortisol <0.02 
Corticosterone 0.2 
Pregnenolone 0.35 
Cortison <0.1 
11-Desoxycortisol 0.1 
Source: Herichson Diagnostics, Texas, USA. 
The hormonal profile tests were carried out at the Radhika Medical 
Centre, South Extension-II, New Delhi. 
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3. RESULTS 
3.1 General behavioural activity pattern of the two 
chimpanzees under observation 
During the study period a total of 35 behavioral repertoires of both 
male and female chimpanzees were recorded using focal animal sampling 
technique (Altman, 1974). The related activities recorded on the data-
sheets were grouped under nine major activities in the ethogram. The 
major postural and behavioral activities were locomotion, defecation, 
sexual behaviour, public orientation behaviour, affinitive behaviour, 
interactive social behaviour, vocalization/gestures, feeding and resting 
behaviour (Table 1.1 A, Fig. 1.1 A). The locomotion included walking, 
swaying of body, going and climbing up the moat and roof, acrobatics, 
chasing, running and playing. 
Defecation included excretion and urination 
Sexual behavior included courtship display, copulation, genital 
display, genital inspection, mounting, mounting attempt and mounting 
vocalization etc. 
In public orientation behaviour we recorded the trait like looking for 
keeper, standing on two legs, hurl stones on visitors, intimidating display 
by bluff-up, shaking head, grinning and begging from visitors. 
Affinitive behaviour included grooming itself and each other and 
rubbing body with hands. 
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Table-1.1 A: Percentage of Time spent in particular Activity in relation to 
all other activities during the study period (Male and Female 
Chimpanzees) 
Activity Male Female 
Locomotion 50.56 35.11 
Defecation 1.49 1.6 
Sexual Behaviour 6.93 2.19 
Public Orientation Behavior 16.52 9.29 
Affinitive Behavior 6.56 
1.96 
4.07 
1.35 Interactive Social Behavior 
Vocalization/Gestures 6.59 8.16 
Feeding 13.9 12.2 
Resting 21.62 61.3 
70 
^OMale 
@ Female 
Fig. I.IA 
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Interactive social behaviour consisted of begging from each other 
and chasing and playing with each other. 
Vocalization/Gestures comprised of food-bark or food grunt, yelping 
and baring of teeth and thumping ground and pant-hoot. 
Feeding behaviour comprised of four categories namely drinking 
milk, eating and gathering and storing of fruits given by the keepers, 
foraging in the enclosure area, and chewing of bark and twig. 
Resting behaviour included sitting posture, lying down, crouching 
and sitting and examining fingernails with interest. 
3.2 Behaviour associated with reproductive physiology 
We observed 13 behavioural traits that were grouped under sexual 
behaviour . The majority of the activities were performed by the male 
chimpanzee. Following are the definitions for each behaviour shown by the 
two chimps. 
/. Eyebrow raising : - Eyebrows were raised up and downwards and 
the fur over the crown was flattened. This was performed by the 
male. 
2. Eyebrow raising with grin and vocalization:- Eyebrows were raised 
. The male chimpanzee, Rustam, had a grin on his face: the comers 
of the mouth were rhythmically drawn backwards with closed jaws, 
sometimes baring some teeth (often the lateral ones). The female's 
vocalization was a more or less continuous soft whistle that easily 
turned into a hoarse whine. Usually it was performed by the female. 
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3. Mutual gaze :- Male and female maintained mutual eye contact for 
at least 2-3 sec. It involved eyebrow raising. 
4. Head bobbing:- The male chimpanzee gently bobbed his head every 
few seconds to attract the attention of the female. 
5. Touching-and-running:- Male approached female, quickly pushed 
female's body with his hand and ran away. Some times the female 
was also observed to touch the male and turned her head as if 
starting to run away, without in fact doing so. 
6. Extended arm:- The male chimpanzee slowly moved/stretched one 
or both arms towards female without contacting. Individuals were in 
proximity, usually seated, facing and looking at each other, and 
raising their eye-brows. This was performed by both sexes. 
7. Frontal posture:- Male usually sat facing the female and kept one 
hand on its chest while the other was outstretched toward female. It 
was associated with genital display and has therefore been described 
as one of the genital display postures. 
8. Genital display:- The male had his penis erect and highly visible. 
Depending on the male's posture, four types of displays were 
observed : (1) Classic genital display-.the male was in front of the 
female, his legs spread, often performing "chest rubbing;" (2) 
Genital display with frontal posture : only one hand performs chest 
rubbing, while the other arm was out-stretched as in the "frontal 
posture;" (3) Supine genital display: the male lied on its back in 
front of or on one side of the female and performs "chest rubbing;" 
and (4) Bipedal genital display: the male stands bipedaly. 
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p. Mounting attempt:- Male tried to mount female but female moved 
away. It was performed by both sexes; however, the actor was 
usually the male. 
10. Mounting :- Male mounted female in a position which allowed 
copulation. The copulation was brief, involving few seconds with 
dorso-ventral position. Ejaculation could not be ascertained. 
11. Mounting vocalization:- A harsh sound together with a continuous 
squeal was occurred during mounting. The vocalization was 
sometimes very loud or soft. This was performed by the female. The 
female emitted these vocalizations when the male mounted her, and 
the vocalizations lasted for the whole duration of the mount. 
12. Genital inspection :- The male inspected the female by touching her 
vulva and sniffing his finger. Such behaviour were common when 
the female chimpanzee did not have sexual swellings but may occur 
at any time. 
13. Masturbation:- This type of sexual behaviour was observed as 
rubbing one's own genitals with hands (usually males), or against a 
substrate (usually female). 
Despite their sex-specific differences, both the male and female 
chimpanzees differed from each other in their behavioural patterns. Direct 
comparison showed that the male spents maximum time (50.56%) of its 
waking hours in locomotor activities whereas female spents maximum of 
her time in resting (61.3%), (Table 1.1 A, Fig 1.1 A). Maximum locomotor 
activity (61.09%) was reported at noon time, before food was provided. 
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There was not much significant difference in the defecation 
behaviour of both chimpanzees in relation to all other activities but the 
percentage of excretion was more (Tablel.2A & 1.3A) in the afternoon 
because of consumption of high energy food of fruits in the noon time. 
Comparing both the male and female patterns of feeding, it was found that 
male had a higher feeding rate (13.9%) than the female (12.2%). 
The male chimp showed high percentage of sexual activity than the 
female. There is of course, periodic variation in sexual behaviour in female 
chimpanzee which is associated with the estrus state. 
The public orientation behaviour of male significantly differed from 
that of female. Highly aggressive charging displays, like buff, pelting 
stones and swaggering walks etc were more frequently observed in male 
chimpanzees than in female. 
The affinitive behaviour comprised of two behavioral activities 
namely, the grooming and rubbing body with hands. During the entire 
study period the results showed higher grooming by male than the female. 
Maximum grooming occurred at noon time when they were resting 
(plate-g). 
The most conspicuous vocalization in the chimpanzees is 'Pant-
Hoot' which is a series of loud calls rising and falling in pitch, often 
ending in scream. The percentage of pant hooting of both male and female 
chimpanzees, in relation to time period, was always higher during the 
morning and noon time (Table 1.2 A and Table 1.3 A). The most plausible 
reason could be the food which was given at noon time. They produce 
more vocalization in response to excitement for food. 
Plate-g Male (L) grooming the Female (R) as a gesture of 
reconciliation, after a conflict between the two chimpanzees 
Table-1.2 A : Percentage of a particular Activity of Male Chimpanzee in 
relation to morning, noon and afternoon time intervals 
Activity Percent of Time s pent 
10:30-12:00 12:00-13:30 13:30-15:00 
Locomotion 52.94 61.09 37.85 
Defecation 36.11 53.12 63.33 
Sexual Behaviour 58.8 57.66 35.8 
Public Orientation Behavior 93.4 43.03 27.56 
Affinitive Behavior 57.6 56.4 37.58 
Interactive Social Behavior 39.1 93.93 30.6 
Vocalization/Gestures 
Feeding 
Resting 
67.4 
32.5 
37.99 
92.52 
70.29 
55.78 
13.1 
51.86 
57.86 i 
^ 
.s* 
,*. 
. • « . 
^ y _.^ ...eft' 
-.- y/./ ^ '' 
.^^ ^ ^ ^ / \ / t ^ 
\<i>-
1 * ' 
110:30-12:00 012:00-13:30 013:30-15:00 
Fig. 1.2 A 
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Table-1.3A: Percentage of a particular Activity of Female Chimpanzee in 
relation to morning, noon and afternoon time intervals 
Activity Percent of Time spent 
10:30-12:00 12:00-13:30 13:30-15:00 
Locomotion 67.3 44.6 40.5 
Defecation 17.8 50 98 
Sexual Behaviour 18.4 87.5 60.7 
Public Orientation Behavior 97.7 
60.7 
32.8 
74.4 
34.8 
Affinitive Behavior 24.2 
Interactive Social Behavior 86.6 40 33.3 
Vocalization/Gestures 90.3 83.72 7.48 
Feeding 19.8 90.8 55.7 
Resting 46.8 : 58.2 45.5 
^ vsF <.^ x^^ X x>^ J^ c'^ <^ 
jp <r .# y ,j^ ./^ /^ "" ^ 
, # i # - ^ Jr xP' cf 
^ 
a Percent of Time spent 10:30-12:00 1 Percent of Time spent 12:00-13:30 * Percent of Time spent 13:30-15:00 
Fig 1.3 A 
41 
3.3 Chimpanzee Hormone Analysis 
Radioimmunoassays (RIAs) for the hormones were performed 
according to procedures adapted from Herichscn Diagnostics ELISA Kit 
intended for the quantitative determination of FSH, LH, Progesterone, 
Estradiol and Testosterone in human serum at the Pathology laboratory of 
Radhika Medical Center, New Delhi. Serum hormone concentrations were 
expressed as nanograms or micrograms per milliliters. 
Chimpanzees {Pan troglodytes) are the best models for human 
reproduction because their hormonal profiles are very similar to those of 
humans (Steinetz etal, 1992) (Tables 1.3B, 1.4B). 
The Fertility Profiles of the two Chimpanzees blood samples 
assayed are shown in (Table-1.3B) which were compared to the human 
fertility profile because human and chimpanzees have very similar pattern 
(Table-1.43). 
Since there was not enough data on the values of reproductive 
hormones of chimpanzees in wild or captive conditions, we compared our 
results to the level of hormones to chimpanzees nearest kin, the human 
being. By assaying the blood samples of the two male and female 
chimpanzees for hormones Testosterone, estrogen, progesterone and 
lutenizing hormones (LH) by RIA, we obtained the values that 
corresponded to the normal levels in human serum values. However, as 
many physiological responses are species specific, our findings by 
comparing chimpanzees hormonal profile with that of human might have 
certain limitations. 
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Table 1.3B: Hormonal Profile for serum Testosterone, Progesterone, 
Lutenizing hormone and Estradiol for male and female 
chimpanzee in National Zoological Park, New Delhi. 
Sample Date Testosterone Lutenizing 
Hormone 
Progesterone Estradiol 
Male 
(Rustam) 
24.03.03 2.8ng/ml 
Female 
(Ruby) 
(estrus) 
20.03.03 18.50 
mlU/ml 
I8.6ng/ml 82.6 
Picog/ml 
Non-estrus 23.06.03 2.8 
mlU/ml 
36.0 ng/ml 22.0 
Pico g/ml 
Table 1.4B: Expected Values for FSH, LH, Testosterone and Estradiol in 
Normal Adult Human beings. 
Blood Serum Testosterone FSH 
(mlU/ml) 
LH Estradiol 
Male (Adult) 3.0-10.0 mg/ml 4.1 <60 
pg/ml 
Female (Normally 
Menstrutating 
Non Pregnant Female) 
Ovulating 
Follicular Phase 
0.2-0.8 ng/ml 5.8 30-100 
pg/ml 
Mid-cycle Peak 12.3 (0-150 
pg/ml) 
Luteal Phase 0.2-0.8 ng/ml 3.8 60-150 
pg/ml 
Post Menopausal Female 0.08-0.35 ng/ml 70.5 
Pregnant, Normal Up. to 35, 
000 pg.ml 
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By observing the reproductive behaviour of the female chimpanzees 
when she v^ a^s in estrus and during non estrus phase, we found normal 
sexual behaviour. 
The level of reproductive hormones were normal as shown in 
(Table-1.3B). Chimpanzees and human females produce similar levels of 
estradiol (Winter et a/1980) and progesterone (Hobson et a\. 1976). During 
the study period the female showed regular estrus or pink swelling 
indicating no hormonal disorder. 
In this study, since it was a single pair, the male and the female 
chimpanzee maintained an exclusive mating relationship for few days or 
weeks. Matings occurred principally during the period of maximal 
tumescence. 
During the study period maximal copulations were recorded during 
the morning hours, usually when they were given breakfast. In the evening 
hours the frequency of mating was less. Sometimes the female 
chimpanzee approached the male to copulate and therefore copulation 
occurred. No mountings were observed when the female chimpanzee was 
not in heat. 
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4. DISCUSSION 
4.1 Reproductive behavior in Primates 
Among primates, the female undergoes a regular menstrual cycle, 
generally of about 4-5 weeks in length. There may be considerable 
variation, both in the mean length of cycles for different females and in the 
range of cycle length in individual females. 
From a physiological point of view, the cycle is divided into two 
phases: a follicular phase roughly from the onset of menstruation to the 
ovulation to the next menstruation. During the follicular phase, the ovaries 
are involved in the production of Graffian follicles (hence 'follicular') each 
containing on ovum (or egg) under the control of the hormone estrogen. 
Ovulation marks the point at which the ovum is released from the ovary 
into the fallopiEin tubes where it is ready to be fertilized. Following its 
release, physiological activity shifts over to the preparation of the womb 
(or Uterus) for implantation of the fertilized ovum after conception has 
occurred under the control of a hormone (progesterone) produced by 
corpora lutea (hence 'luteal') in the graffian follicle from which the ovum 
was released. The length of the luteal phase of the cycle is constant for all 
individuals of a given species, but the follicular phase may vary 
considerably even within individuals from one cycle to the next. 
In a number of primate species (including baboons, macaques, 
mangabeys and chimpanzees) females possess a sexual skin on the 
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perineum that undergoes a cyclic swelling under the influence of ovarian 
hormone (notably estrogen). The sexual skin gradually swells during the 
follicular phase of the cycle, reaching maximum distension about one week 
before ovulations occurs. It undergoes a sudden collapse as the fluids are 
reabsorbed 1-4 days after ovulation. 
Mating typically exhibits a clear peak around the time of ovulation 
in most species e.g. baboons (Bielert, 1982). 
In most species, males and females differ in the roles they adopt in 
sexual interaction. 
Typically, in non-human primates, a male initiates copulation by 
approaching an estrus female and sniffing or touching her vulva. If the 
female is willing to mate, she will stand and present her rear to the male in 
a characteristically braced posture, to invite copulation. In some species 
(baboons, macaques and chimpanzees) both the male and female give loud 
vocalizations during and immediately after copulation. These calls are 
intended to convey some information. Hamilton and Arrowood (1978) 
have suggested that such calls may serve to stimulate mutual arousal in the 
copulating pair. 
4.2 Chimpanzee sexual behavior 
The female common chimpanzees have regular menstrual cycles and 
a pronounced mid-cycle swelling. The menstrual cycle is about thirty-five 
days long with external menstrual flow occurring on three of these days for 
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upto forty-eight years Graham and Mc Clure (1977). Chimpanzee females 
reproduce till the age of fifty, thereby there being no menopause, though 
the rate of fertility declines. 
Females bonobo are more sexually active than chimpanzees because 
their period of maximal tumescence is longer and they resume sexual 
swellings more rapidly after birth. 
The common chimpanzee is an SME species (Single Mount 
Ejaculation). The female crouches and the male thrust from five to twenty 
times to ejaculate in a single mount. The female looks back at the male and 
makes squealing or screaming sound. 
Zumpe (1971) reported that breeding in chimpanzee does not appear 
to be seasonal. Van Lawick - Goodall (1973) observed that chimpanzee 
sexual behavior is individualistic. She reported that both males and 
females, young and old, may mount one another. The usual posture of 
copulation for common chimpanzees is dorsoventral. The Common 
chimpanzee is a promiscuous animal. Tutin (1974) have seen temporary 
monogamous consort pairs in which the members of the pair exhibited 
possessive behavior. 
While male common chimpanzees are generally dominant over 
female adult chimpanzees, there is said to be a reversal in dominance when 
the female is at the height of her sexual swelling. 
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4.3 Reproductive parameters of chimpanzee in wild 
Reproductive parameters given in tlie table below are based 
primarily on field data given by Hasegawa and Hiraiwa (1983) Mahale and 
Tutin and McGinnis (1981). 
Reproductive Parameters for Chimpanzee 
Pan troglodytes 
Age at sexual maturity 
Male : first ejaculation 9-10 years 
suspected first fertilization 13-14 years 
Female : menarche 10-11 years 
first birth 10-18 years 
Gestation period 228 days 
Birth interval 4-8 years 
Adult estrous cycle Regular 
36 days 
Adolescent estrous cycle Irregular 
Period of maximal swelling 9.6 days 
Postpartum non receptivity 3-6 years 
Source: Nissen and Yerkes , 1943. 
Since great apes will form a useful pre-clinical model in the 
development of a system to study the reproductive behavior, we observed 
chimpanzee, our closest relative, to get some information for the same. 
Only in the last decade have the evolutionary conclusions from 
morphology been seriously challenged. The first genetic evidence placing 
the genera Homo and Pan as each other's closest relatives came from 
nuclear DNA hybridization Sibley and Ahlquist (1990) in a study by 
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Caccone and Powell (1989). Further support for this relationship comes 
from analysis of nuclear DNA Sequence (Williams and Goodman 1989; 
Ueda et al. 1989) and, most importantly, from the analysis of 
mitochondrial DNA (Ruvolo et al. 1991). It is now generally agreed that 
physiologically chimpanzees and bonobos are our closest living relatives. 
Investigations of the endocrine control of reproduction have been 
concentrated to a greater extent on the higher primates (great apes) than 
those of prosimian counterparts. 
In studies of mammalian reproductive behavior, the oestrus cycle of 
the female is a major variable. The menstrual cycle is 28 days in women 
and rhesus monkeys and 34-35 days in chimpanzees. Males mated with 
them most at this time. Females of some primate species show 
considerable swelling of perineal sexual skin at time during their cycle. 
The ovarian changes during the sexual cycle depends completely on 
the gonadotropic hormones, FSH and LH, secreted by the Par distalis of 
adenohypophysis. At the ages of 9 to 10 years, the pituitary begins to 
secrete progressively more FSH and LH which culminates in the initiation 
of monthly sexual cycles between the ages of 11 and 16 years. A 
relationship in human between age at menarche body weight and body fat 
has been suggested by Frisch and McArthur (1974) and a similar 
relationship may exist in chimpanzees. 
49 
4.4 Functions of the Ovarian Hormones - Estradiol and 
Progesterone in mammalian females 
The two types of ovarian sex hormones are the ESTROGENS and 
the PROGESTINS. By far the most important of the estrogen and 
progestin are ESTRADIOL and PROGESTERONE respectively. 
The estrogen mainly promote proliferation and growth of specific 
cells in the body and are responsible for development of most secondary 
sexual characteristics of the female. 
The Progestin's are concerned almost entirely with final preparation 
of the uterus for pregnancy and the breast for lactation. 
THE ESTROGEN: In the normal non pregnant female, the estrogens 
are secreted in major quantities only by the ovaries, although minute 
quantities are also secreted by the adrenal cortices. In pregnancy, 
tremendous quantities are also secreted by the placenta. 
THE PROGESTINS: In the normal non-pregnant female, 
progesterone is secreted in significant amounts only during the latter half 
of each ovarian cycle, when it is secreted by the Corpus luteum. Only 
minute amount of progesterone appear in the plasma during the first half of 
the ovarian cycle, secreted by the ovaries and adrenal cortices. Also, large 
amount of progesterone is secreted by the placenta during pregnancy, 
especially after the 4* month of gestation. 
50 
FSH - Follicle - Stimulating Hormone (FSH) and Lutenizing 
Hormone (LH) are intimately involved in the control of the growth and 
reproductive activities of the gonadal tissues, which synthesize and secrete 
male and female sex hormones. The levels of circulating FSH and LH are 
controlled by these sex hormones through a negative feedback 
relationships. 
In the female, FSH stimulates the growth and maturation of ovarian 
follicles. Increased intraovarian estradiol production occurs as follicular 
maturation advances thereupon stimulating increased FSH receptor activity 
and FSH follicular binding. FSH levels are elevated after menopause, 
castration and in premature ovarian failure. 
The growth of the seminiferous tubules and maintenance of 
spermatogenesis in male are regulated by FSH. 
TESTOSTERONE-Testosterone is the most important androgen 
secreted into the blood. In males, testosterone is secreted primarily by the 
leydig cells of the testes. In females, 50% of the circulating testosterone is 
derived from peripheral conversion of androstenedione, 25% from the 
ovary and 25% from the adrenal glands. 
Testosterone is responsible for the development of secondary male 
sex characteristics and its measurements are helpful in evaluating the 
hypogonadal states. 
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ESTRADIOL- Estradiol 17p (E2) is secreted into the blood stream 
where 98% of it circulates bound to sex hormone binding globulin 
(SHBG). To a lesser extent it is bound to other serum proteins such as 
albumin. Only a tiny fraction circulates as free hormone or in the 
conjugated form. In non-pregnant female with normal menstrual cycles, 
estradiol secretion follows a cyclic, biphasic pattern with the highest 
concentration found immediately prior to ovulation. 
The rising estradiol concentrations is known to exert a positive 
feedback influence at the level of the pituitary where it influences the 
secretion of the gonadotrophin i.e., follicle -stimulating hormone (FSH) 
and lutenizing hormone (LH) which are essential for follicular maturation 
and ovulation respectively. Following ovulation, estradiol level falls 
rapidly until the luteal cells become active resulting in a secondary gentle 
rise and plateau of estradiol in the luteal phase. 
During pregnancy, maternal serum estradiol levels increases 
considerably to well above the pre-ovulatory peak levels. 
PROGESTERONE-Progesterone (pregn-4ene-3, 20-dione) is a C21 steroid 
hormone containing a keto-group (at C-3) and a double bond between 
C-4 and C-5 (A4). 
This steroid hormone is a female sex hormone which, in conjunction 
with estrogens, regulates the accessory organs during the menstrual cycle 
and it is particularly important in preparing the endometrium for the 
implantation of the blastocyte and in maintaining pregnancy. 
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In non-pregnant female progesterone is mainly secreted by the 
corpus luteum whereas in pregnancy the placenta becomes the major 
source. Minor sources are the adrenal cortex for both sexes and the testes 
for males. 
Progesterone circulates in blood mainly bound to Corticosteroid 
Binding Globulin (CBG), Sex Hormone Binding Globulin (SHBG) and 
Albumin. 
Only 2-10% of the total concentration circulates as free hormone. 
Blood progesterone concentrations vary widely according to the 
phases of menstrual cycle; they are lower than 1 ng/ml (3.2 nmol/L) in the 
follicular phase and around 10-20 ng/ml (32-64 nmol/L) in the luteal 
phase. 
The maximal levels are achieved 4-7 days after ovulation and 
remain elevated for 4-6 additional days prior to falling to the preovulatory 
levels 24 hours before the onset of menstruation. 
Since the rise and fall of progesterone parallel the activity of ovarian 
follicle and corpus luteum, measurements of plasma progesterone are 
clinically used to confirm ovulation and normal fiinction of the corpus 
luteum in non-pregnant female. 
If ovulation does not occur the corpus luteum is not formed and no 
cyclical rise of progesterone in plasma is observed. Abnormal progesterone 
secretion has been implicated in premenstrual tension, irregular shedding 
of endometrium, dysmenorrhoea, and luteal insufficiency. 
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Progesterone concentration can vary not only from subject to subject 
but also in the same individual from day to day or even from hour to hour. 
Chimpanzees {Pan troglodytes) are the best models for human 
reproduction because their hormonal profiles are very similar to those of 
humans (Steinetz et al, 1992) (Table-1.4A). 
Ovulation time is approximately determined in the chimpanzee by 
observation of several parameters, such as sexual swelling detumescence 
(Mc Arthur and et al, 1981; Steinetz, 1992) basal body temperature and 
gonadal hormone level changes (Graham and et al 1977; Steinetz, 1992) 
but the most practical methods for chimpanzees is to monitor the 
hormonal changes. Serum hormone levels provide more accurate 
representation of the temporal dynamics of endocrine events. So, 
measurement of serum hormones are reliable method for assessing 
reproductive function in this species. Various studies have shown that 
urinary steroids can be used to monitor menstrual cycles as well as early 
pregnancy in chimpanzees (Gould and Faulkner, 1981; Knee and et al, 
1985; Lasley, Hodges, Czekala, 1980 and Steinetz and et al, 1992). 
In this study the hormonal changes in the female chimpanzee were 
described during infertile menstrual cycles, since the female never 
produced any offspring. 
The female was checked every month for evidence of menstruation 
and changes in sex skin swelling as well as to ascess general health. The 
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menstrual cycle is composed of five cycles, depending on the levels of the 
following hormones; estradiol, progesterone, and lutenizing hormone. 
There is a common belief that the hormonal levels affect the behavior of 
females. Swelling size does seem to bear some relations to attractiveness. 
Swelling size increases within a given cycle which has been associated 
with increased male mating attempts in chimpanzees (Wallis, 1992) and 
bonobos (Furuichi, 1987). In the present study maximum mating frequency 
was observed when the female was in estrus or showing sexual swelling. 
Alternatively, swellings may signal quality of the given ovarian cycle, or 
the probability of conception (Zinner et al, 2002). In its cage, the female 
chimpanzee never conceived, so there was no case of pregnancy. Estrogen 
and progesterone levels were monitored to assess the ovarian function. The 
estimation of ovarian hormone in blood by RIA'S during and after the 
estrus cycle were compared and the results revealed patterns similar to 
normal levels in human beings (Table-1.4B). 
The first day of menstrual flow was considered the beginning of the 
follicular phase. Menstrual cycle length varied from 31 to 35 days 
(mean 33.3 days). During the I'' phase the female was in heat. The 
concentrations of LH, Estradiol and Progesterone were corresponding to 
the values in Luteal phase (Table). During the II"'^  phase, the female 
Chimpanzee was not in heat. The values of LH, Estradiol and Progesterone 
centred around the Follicular phase (Table 1.3B) respectively. The 
,>}^ciM.. ). 
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concentration of LH declined sharply from 18.50 nlU/ml to 2.8 mlU/ml 
after ovulation. The serum concentrations of estradiol and progesterone 
and lutenizing hormones corresponded to the values of luteal phase during 
the menstrual cycle of the Chimpanzee (Tables 1.3B). 
There was a sharp decline in the concentrations of Serum LH, 
estradiol and progesterone in the follicular phase when the female was not 
in estrus. 
Heistermann and et al (1996) reported that Estrone conjugates (E,C) 
and Pregnandiol Glucorconide (PdG) are abundant steroid metabolites 
excreted into urine in great apes. Munro etal {\99l) suggested that estrone 
conjugates (EC) and PdG also reflect changes in circulating hormones in 
chimpanzees and other species of great apes, macaques and humans. 
In the present study blood serum values of the male Chimpanzee 
showed normal values of LH, and Testosterone when compared with 
human (Table 1.4B). Copulations occurred markedly with more frequency 
when the female was in estrus. No mountings and copulation were 
observed when the female was not in heat. This shows that there was no 
hormonal disorder and sexual behaviour was normal which supports the 
earlier studies on the endrocrinology of Chimpanzees. 
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5. CONCLUSION 
By observing the reproductive behaviour of the female chimpanzees 
when she was in estrus and during non estrus phase, we found normal 
sexual behaviour. She showed regular pink swelling. 
By assaying the blood samples of the two male and female 
chimpanzees for hormones Testosterone, estrogen, progesterone and 
lutenizing hormones (LH) by RIA, we obtained the values that 
corresponded to the normal levels in human serum values. 
Thus it could be concluded that in the present situations breeding 
failure is not because of any disorder in hormonal profile of the Delhi Zoo 
chimps. It might be because of seasonal or social constrains or due to 
certain other factors. 
Our results supported the concept that chimpanzee's reproductive 
hormones have very similar profile to that of humans (Tables 1.3B, 1.4B). 
There is a growing appreciation of the influence of environmental 
variables upon the behaviour and reproductive success of animals in 
nature. As in nature, the ecological variables of captivity includes the 
quantity and quality of food, space cover, etc. The social variables include 
the number and distribution of the ages and gender of the conspecifics. All 
these factors may influence survival and fitness in complex and interacting 
ways in captive conditions (Newton, 1978). 
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For most species, captivity represents extremely barren and 
unstimulating conditions compared with the richness of their natural 
habitats. Adam and Babladelis (1977) suggested that primates in 
zoological gardens are often kept as animal exhibits, rather than "as 
environmental - animal system'. In case of captivity the natural 
environments are distorted in a number of ways and these may influence 
behaviour severely. 
Goodall (1988) observed that the zoo chimpanzee, unless in a very 
large enclosure, has none of the calm dignity, the serenity of gaze or the 
purposeful individuality of its wild counterparts. Typically they develop 
odd stereotypes in their behaviour. 
One alternative scenario could be that incompatibility or stress 
might have contributed to the loss of successful breeding of the 
chimpanzee pair. Neuroendocrine cycles related to sexual behaviour of 
both sexes are vulnerable to stress. Extreme conditions like captivity, poor 
nutrition can disrupt hormonal cycles in either sex of the chimpanzee. Such 
causes should be ascertained by future studies. 
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7. GLOSSARY 
Androgens 
Ape 
Arboreal 
Anthropoids (simians) 
Bonobo (Pygmy Chimpanzee) 
Chimpanzee 
Estrogen 
Estrous Cycle 
Follicle Stimulating Hormone 
(FSH) 
Class of male sex hormones. 
Most, like testosterone, are 
secreted by the testes. 
Gibbons (including the Siamang) 
and gorillas, orangutans, 
chimpanzees and bonobos 
(Pongidae). 
Live in trees. 
Monkeys, apes and humans. 
Common name for the large 
African ape, Panpaniscus. 
Common name for the large 
African ape Pan troglodytes. 
Class of hormones that control 
female reproduction. Most is 
secreted by the ovaries. 
The reproductive cycle in female 
mammals, such as the human 
menstrual cycle. It includes the 
development of the ovarian 
follicles that secrete estrogen, 
ovulation the formation of the 
corpus luteum and the urge to 
mate. 
A gonadotropin produced by the 
pituitary that stimulates the 
development of follicles in the 
ovary. 
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Follicular Phase 
FSH 
Gonadotropin 
Gorilla 
Hominoid 
Homo 
Hormones 
LH 
Lutenizing Hormone (LH) 
Luteal Phase 
Orangutan 
Ovulation 
The pre-ovulatory phase of the 
menstrual cycle dominated by the 
activity of the follicle from which 
the ovulated egg ruptures. 
Follicle stimulating hormone. 
A hormone that regulates the 
gonads (ovaries and testes) 
Common name for the large 
African ape Gorilla gorilla. 
Apes and humans. 
The genus to which humans 
belong. 
Molecules, released into the 
circulatory system that carry 
information throughout the body 
they signal a receptor of the 
information to change their 
activity. 
Lutemizing Hormone. 
A gonadotropin produced by the 
pituitary that stimulates the 
production of ovarian hormones 
and maturation of the follicle. 
The post-ovulatory portion of the 
menstrual cycle dominated by the 
activity of the corpus luteum. 
Common name for the large Asian 
ape Pongo pygmaeus. 
The release of an egg from the 
ovary. 
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Pongidae : Family of primates including 
gorillas, chimpanzees, bonobos 
and orangutans. 
Progesterone : The principal hormone of the 
luteal phase of the menstrual 
cycle, secreted by the corpus 
luteum, it prepares the uterine 
lining for implantation. Also 
secreted by the adrenal glands and 
the placenta. 
^>-
7)^-3725 
69 
